Growth, yield and fruit quality of three papaya cultivars grown under protected cultivation.
Introduction
Tropical fruits are grown in very limited countries in Europe due to the climatic constraints. Therefore, tropical fruit demands in Europe are mainly supplied by tropical countries. However, some of them are grown due to a favorable climate on the Mediterranean coast and Atlantic Islands for local consumption [1] . Among the tropical crops, banana is the most important one grown under subtropical conditions on the Canary Islands (Spain), and in Morocco, Israel, the Algarve region of Portugal, Crete, Cyprus, Turkey, Tunisia, Italy (Sicily and Sardinia) and Argentina [2, 3] . In addition to banana, other tropical fruit species such as pineapple, loquat, papaya, mango, litchi, guava, carambola and cherimoya are cultivated on a small scale under net or protected cultivation in subtropical conditions [2] .
Carica papaya L. (papaya), which belongs to the family Caricaceae, is grown worldwide under tropical climates [4] but also in mild subtropical climates [5, 6] . Nevertheless, under subtropical conditions, the cold temperature in the winter season affects fruit set, and fruit growth and production [5] . Therefore, protected cultivation provides a big advantage to prevent cold damage and to allow supply of fruits to market throughout the seasons. The ripe papaya fruits are commonly eaten fresh but green papaya fruit is used as a vegetable, usually after cooking or boiling [7] . Nutritionally, papaya is a good source of Ca and vitamins A and C [8] [9] [10] . It also contains small amounts of thiamin, riboflavin, iron, potassium, magnesium and sodium.
Papaya is cultivated under protected cultivation in subtropical countries such as the Canary Islands (Spain), Israel and Japan [6] . However, optimum growth and development occur during the hot summer months when 2.5 (average) new leaves appear every week even in subtropical conditions [5] . Nakasone and Paul [9] reported that environmental factors such as light, wind, edaphic soil characteristics, temperature, soil relative humidity, and biotic factors such as mycorrhizal fungi and genotype significantly affect the productivity and physiology of papaya [11] . Besides environmental factors, fruit chemical features are also affected by location and season [5, 12, 13] , and maturity stage [14] . Temperatures below 20°C have a very negative effect, causing among other problems, carpelloidy, sex changes, reduced pollen viability, and low sugar content of the fruit. Furthermore, at temperatures below 12-14°C for several hours, growth and production are severely affected [9] , particularly in dioecious cultivars. Under subtropical conditions, papaya growth ceases at temperatures below 11°C [5, 15] ; therefore, protected cultivation of papaya in a subtropical region may provide the optimal environment for its growth and productivity.
Although papaya is well known for its wide adaptability to tropical and subtropical environments, significant decline in the key physiological indices occurs when plants are exposed to high ambient temperature, photosynthetic photon flux density and soil water deficit, that directly affects plant growth and fruit yield [16] . Greenhouse cultivation simultaneously provides both adequate temperatures and exclusion of Papaya Ring Spot Virus (PRV) [6] . Growth and flowering benefit from the climate within greenhouses, resulting in improved yields, both in fruit quantity and quality, with the critical additional benefit of the exclusion of PRV [6] . Therefore, it is extremely important to determine yield and quality features of papaya under protected cultivation.
The objective of our study was to select suitable papaya cultivars and to compare yields and fruit quality parameters under unheated plastic-greenhouse cultivation in the Mediterranean region of southern Turkey.
Materials and methods

Plant material and environmental conditions
Seeds were provided by the Institute for Tropical Crops in South Africa (ARC). The plant material evaluated included seeds of the cultivars 'SS-45', 'BH-65' and 'Sel-42' (hermaphrodite line) which were bred in that institute. The study was conducted in 2007 and 2008 in the experimental field of the Seed Research and Development Center of Akdeniz University in Antalya, Turkey (alt. 38 m, lat. 36°54' N, long. 30°38' E, temperatures given in figure 1 ). The average relative humidity was recorded above 60% during the vegetation period.
The greenhouse structure was made of galvanized steel iron; it was 6-m high at the center and tapered down to 5 m at gutter level; it was covered with Low Density Polyethylene (LDPE) plastic (UV+IR and 150-µm thick, for 36 months). The greenhouse was ventilated from the sides to the top and was not heated during the two growing seasons. Soil pH at 0-60 cm was 7.0; organic matter content was 4%, and soil texture was a clay-loam. Plants were planted on April 2007, spacing was 3.0 m × 1.8 m (1850 plants·ha -1 ) and a double-line drip irrigation system was installed for each row. 
Morphological features
Plant height (distance from soil level to growing point), stem circumference (at 20 cm above soil level), leaf number, height at first flowering, and days from planting to flowering and from first flowering to harvest were recorded. Fruit set (fruit number per plant) and yield (kg per plant) were also evaluated.
Fruit physical features
Fruit weight (g), length (cm) and width (cm) were measured using a top pan balance and a digital caliper. The fruits were harvested at a commercially ripe stage when the peel color approached 25% yellow. Fruit skin color was measured by using a Minolta 
Physicochemical characteristics
The flesh firmness was determined on three sides of the fruit using a penetrometer (Effegi, 48011 Alfonsine, Italy) with a 1.5-cm diameter tip depressed 2 mm into the fruit after harvest. The juice extracted from the homogenized flesh of the fruits from each cultivar was used for monitoring Total Soluble Solids (TSS) using a handheld refractometer (Atago N1). Vitamin C content was measured by using the 2,6-dichlorophenolindophenol titration method. The titratable acidity measurements were made using 0.1 N NaOH solution. All physicochemical analyses were done on April-harvested fruits.
Experimental design and statistical analysis
The experiment was laid out in a completely randomized design with three replications. Six plants were sampled for plant growth, morphological characteristics and yield components. Five fruits were randomly selected for evaluating fruit features, fruit color and physicochemical characteristics of E. Gunes and H. Gübbük each cultivar. The data were analyzed in a completely randomized design using analysis of variance (ANOVA). Means were separated by the LSD multiple range test at the 0.05 level of probability.
Results and discussion
The results for the three cultivars of papaya studied showed that plant height was similar during the early growing period (MarchApril) in all cultivars; it increased significantly in SS-45 and Sel-42, and attained its maximum height (308.3 cm and 300.3 cm, respectively) during the period August-September as compared with BH-65 (162.9 cm) (figure 2). A general view of the plants is given in figure 3 . Data on stem circumference and number of leaves formed during the periods of growth demonstrated a similar trend to that of plant height, with maximum stem circumference attained in SS-45 (52.0 cm), followed by Sel-42 (47.8 cm), showing significant differences as compared with that for plants of BH-65 (42.4 cm) ( figure 2) . However, the total number of leaves produced did not show any significant differences in all the cultivars during the entire growth period ( figure 2) . Similar varietal differences in plant height, stem girth and leaf number per plant were also obtained by Jeyakumar et al. [16] , and Galan Sauco and Rodriguez Pastor [6] , who attributed phenological differences to genetic dissimilarity in growth responses among different cultivars. Furthermore, among the cultivar differences, cultivation systems affect growth and fruit quality. For instance, Galan Sauco and Rodriguez Pastor [6] reported that growing papaya under greenhouse conditions results in a more beneficial period of growth and fruit quality due to both higher temperatures and wind protection. Means followed by the same letter are not significantly different according to LSD, P < 0.05. Means followed by the same letter are not significantly different according to LSD, P < 0.05.
E. Gunes and H. Gübbük
with the other cultivars. Similar differences in postharvest fruit characteristics (weight, length, equatorial perimeter, shape and color) were recorded in hermaphrodite fruits by Delgado et al. [17] . These authors also demonstrated that these fruits were consumer-acceptable as indicated by their demand in the European markets. However, there were no significant differences among fruit cultivars with respect to their edible fraction, which averaged over 50%.
The harvested fruits of Sel-42 varied significantly in their skin color as compared with SS-45 but remained equal to those of BH-65 in terms of L* values (64.2, 63.0 and 62.7, respectively) (table III). However, the skin color of the fruits did not show differences in a* and b* measurement levels within all cultivars. These results are in agreement with those reported by Delgado et al. [17] . The physicochemical characteristics of the fruits showed some variation among the cultivars with respect to fruit firmness, total soluble solid content, vitamin C and titrable acidity but the differences were not significant between the tall (SS-45 and Sel-42) and the dwarf (BH-65) cultivars. Therefore, dwarf papaya genotypes could be used to breed suitable cultivars for greenhouse cultivation to achieve a sustainable crop with an enhanced fruit yield and quality characters [18] .
Conclusion
Our results allow us to recommend the cultivar Sel-42, followed by SS-45, for cultivation under greenhouse conditions in the Mediterranean region of Turkey. 
